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Objective: The aim of this study was to assess the ability of DWI and ADC to differentiate benign from
malignant solitary thyroid nodule.
Patients and methods: This prospective study was done on 60 patients with solitary thyroid nodule. DW-
MRI was performed on all subjects at b values of 0, 500 and 1000 mm2/s. The mean ADC values of solitary
thyroid nodules were measured for b values of 500 and 1000 s/mm2.
Results: The ADC value of benign solitary thyroid nodules ranged from 1.56 to 2.28  103 mm2/s
(b = 1000 s/mm2) and from 1.64 to 2.70  103 mm2/s (b = 500 s/mm2). The ADC value of malignant soli-
tary thyroid nodules ranged from 0.54 to 1.47  103 mm2/s (b = 1000 s/mm2) and from 0.61 to
1.56  103 mm2/s (b = 500 s/mm2). The mean ADC value for malignant nodules was significantly lower
than that for benign nodules (P = 0.000). ADC value of 1.5  103 mm2/s was used as a cutoff value for
differentiation of benign from malignant thyroid nodules.
Conclusions: DWI is a powerful tool for the differentiation of benign and malignant nodules and for
assessing the functional activity of the thyroid gland, and ADC at b-1000 is more accurate in evaluation
of solitary thyroid nodule in comparison with b-500.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).1. Introduction
A thyroid nodule is a discrete lesion within the thyroid gland
that is distinguishable from the adjacent parenchyma. Sonographic
examination of enlarged nodular thyroids, demonstrated that 66%
had multiple nodules, whereas 34% had single nodules. Among
these single nodules, 85–90% were proved to be benign. Adenoma-
tous nodules represent most of benign thyroid nodules (80%),
whereas the remaining benign nodules consisted of adenoma, cyst,
and focal thyroiditis [1].
The differentiation of single benign nodule and malignant one is
considered an important goal. Early diagnosis of thyroid cancer
avoids unneeded surgery in those complaining of benign nodules
and decreases both mortality and morbidity rates of the disease
[2].
Although both fine needle aspiration cytology (FNAC) and ultra-
sound are considered to be the most important tools in thyroidnodules evaluation, uncertain diagnosis of the nodule even by
experienced hands still remains a problem and sometimes surgery
has to be done for precise diagnosis. The percentage of indetermi-
nate nodules might be small; however, a significant number of
patients performed surgery for benign disease [3]; thus, there is
a need for a new noninvasive presurgical diagnostic test to avoid
unnecessary surgery [4].
Routine T1- and T2-weighted MR imaging cannot differentiate
benign from malignant nodules or assess the functional status of
thyroid nodules; thus, its role in thyroid nodules evaluation is lim-
ited [5].
Diffusion weighted imaging (DWI) is a noninvasive tool that is
used to distinguish benign from malignant nodules and for
assessing the functional activity of the thyroid gland based on
the random translational motion of water protons, indirectly pro-
portional to the diffusion barriers. It has a high sensitivity and
specificity, and is considered a reliable, non-invasive and non-
radiative imaging modality for the detection of thyroid nodules [6].
The movement of water in the intra, and extra cellular spaces
and also from intravascular spaces is responsible for DW signal
production. The malignant tumors had reduced extracellular
spaces, hypercellularity and enlarged nuclei resulting in low appar-
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is achieved using a high b value [7].
The aim of this work was to study the ability of DWI and ADC to
differentiate benign from malignant solitary thyroid nodule.Table 1
Area under the curve of ADC of all cases at b 500.
Area Std. errora Asymptotic sig.b Asymptotic 95%
confidence interval
Lower bound Upper bound
0.918 0.037 0.000 0.845 0.990
The ADC at b 500 has at least one tie between the positive actual state group and the
negative actual state group. Statistics may be biased.
a Under the nonparametric assumption.
b Null hypothesis: true area = 0.5.
Table 2
Area under the curve of ADC of all cases at b 1000.
Area Std. errora Asymptotic sig.b Asymptotic 95%
confidence interval
Lower bound Upper bound
0.990 0.010 0.000 0.970 1.011
The ADC at b 1000 has at least one tie between the positive actual state group and
the negative actual state group. Statistics may be biased.
a Under the nonparametric assumption.
b Null hypothesis: true area = 0.5.2. Patients and methods
This study included 60 patients with solitary thyroid nodule
(on the basis of ultrasonographic examination). They were (48)
females and (12) males, and their ages ranged from 20 to 62 years.
They were referred to Radiodiagnosis Department, Faculty of Med-
icine, Zagazig University Hospitals from general surgery, general
medicine and otorhinolaryngology departments of Zagazig Univer-
sity Hospitals during the period from January 2015 to January
2016. Preliminary gray scale ultrasonography and color Doppler
sonography were done for all patients for exclusion of multiple
thyroid nodules. Conventional MRI and Diffusion Magnetic Reso-
nance Imaging (DWI) examinations with ADC calculation were
performed for all patients, and the results of the 60 patients were
cyto/histo-pathologically correlated. They were referred to Radio-
diagnosis Department after obtaining institutional review board
approval from our hospital and informed consent from the patients
before the study.
Patient included in this study of any age group and sex were
presented with solitary thyroid nodule proven clinically and/or
sonographically, while all patients with multiple thyroid nodules,
totally cystic nodule or bleeding tendency were excluded. Patients
unwilling to complete the study or with suspected unavailability
throughout the study were also excluded.
All patients were subjected to the following.
2.1. Clinical assessment
Full clinical history, clinical examination and laboratory investi-
gations include thyroid function tests.
2.2. Imaging assessment
2.2.1. Conventional non contrast MRI
 Done preliminary to diffusion weighted imaging (DWI). MR
examination was performed at (1.5 T) super conducting MR
imager (Philips Achieva, class II). The examination was done
using surface coils with small field of view and thin sections.
 Recommended protocols include the following: Sagittal spin
echo set of images is obtained initially to prescribe the location
of axial images, followed by thin (2–4 mm) axial and coronal T1
WI and T2 WI.
2.2.2. Thyroid diffusion MRI
 Patients were in supine position and were instructed not to
swallow or move during the examination. Circularly polarized
surface coil was placed over the neck.
 DW-MRI was obtained using a multi-section single shot spin
echo EPI sequence (TR/TE/NEX: 3395/100 ms/1) with diffusion
sensitivities of b values = 0, 500 and 1000 s/mm2. The diffusion
gradients were applied sequentially in the three orthogonal
directions. Sections of 2–4 mm thickness, inter-slice gap of
1 mm, a 230–255 mm FOV, and a 256  256 matrix were used
with average scan time of 35 s.
 ADC maps were formed automatically by the device, a circular
region of interest (ROI) ranging from 10 to 40 mm2 according
to the size of the nodule, and were placed in the center of the
lesion in cases of solid nodules and on the solid portion of thelesion in cases of mixed solid-cystic thyroid nodules for each
b value (same slide location). ADC value was obtained with b
values 500 and 1000 s/mm2. The ADC values are expressed in
square millimeters per second (mm2/s).
2.3. Cyto/histo-pathological correlation
 Correlation between DWI and ADC values and cyto/histo-
pathological sections was performed in all cases where biopsy
was done either by ultrasound guided fine needle aspiration
for 48 cases or by postsurgical histopathology for 34 cases (10
cases out of 34 cases were inconclusive by FNAC).
2.4. Statistical analysis
Statistical analysis was undertaken to prove the efficacy of DWI
and ADC in the evaluation of solitary thyroid nodule. Statistical
analysis was performed using the SPSS software package version
17.0 (statistical package for social science TM) and P < 0.05 was
considered to be statistically significant. Validity of DW-MRI for
diagnosis of solitary thyroid nodules was tested by sensitivity,
specificity, Positive Predictive Value (PPV) and Negative Predictive
Value (NPV). Area under the curve of all cases at b 500 and 1000
were done (see Tables 1 and 2) and see Figs. 1 and 2.3. Results
This study included 60 patients with solitary thyroid nodules.
They were 48 females (80%) and 12 males (20%). Their ages ranged
from 20 to 62 years. The size of nodules ranged from 9 mm to
48 mm in largest diameter.
There are statistical significant differences between mean ADC
values of benign and malignant solitary thyroid nodules. The
mean ADC values of benign and malignant nodules done by
b-1000 are statistically significantly higher than those done by
b-500 (Table 3).
Two female patients were diagnosed by b = 500 s/mm2 as
benign nodules as ADC values were 1.58  103 mm2/s and
1.56  103 mm2/s. Both lesions were diagnosed as malignant nod-
ules by b = 1000 s/mm2 with ADC value of 1.47  103 mm2/s. The
lesions were confirmed by histopathology to be follicular carci-
noma, a result that favors accuracy of b = 1000 over b = 500.
Fig. 1. ROC curve of ADC at b 500.
Fig. 2. ROC curve of ADC at b 1000.
Table 3
Comparison between ADC value of benign and malignant solitary thyroid nodules.
Lesion No. Mean ADC value  103 mm2/s (b = 500 s/mm2)
Benign 48 2.11
(1.64–2.70)
Malignant 12 1.06
(0.61–1.56)
** Significant.
*** Highly significant.
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ferentiation of benign from malignant thyroid nodules was
1.5  103 mm2/s with the sensitivity, specificity, PPV, NPV and p
value of 100%, 100%, 100%, 100%, and <0.001, respectively, how-
ever, by using b 500 s/mm2, selection of 1.5  103 mm2/s as a cut-
off value for the differentiation of benign from malignant thyroid
nodules, decreasing the sensitivity, specificity, PPV and NPV to
83.3%, 96.0%, 83.3%, 96.0% respectively (Table 4).4. Discussion
Evaluation of solitary thyroid nodule should distinguish benign
from malignant nodule aiming for early diagnosis and subsequent
earlier treatment and avoiding unneeded surgery in patients with
benign nodules [2] (Figs. 3 and 4).
Discrimination of malignant from benign thyroid nodules using
FNAB is common and very effective. However, 15–20% of patients
were found to be inconclusive even with experienced hands. To
decrease the risk of unneeded surgery, there is a need for a new
noninvasive pre-surgical diagnostic test [8,9].
In our study FNAC was done for 48 cases and not done for 12
cases because the size of nodule was small and posteriorly located
adjacent to blood vessels (Fig. 4) in addition to uncooperative
patient. It was inconclusive in 20.8% of cases and this is in agree-
ment with [8,9].
Inadequate specimens, indeterminate cytology, sampling
errors, risk of hematoma formation, pain and inability to distin-
guish benign follicular lesions from malignant ones are the most
common limitations of FNAC [10].
High resolution real time ultrasound is often the first modality
used in the diagnostic workup of a thyroid swelling. However, it
had limited value in distinguishing benign from malignant lesions
[11].
Erdem et al. [12] confirmed that the hypercellularity and
enlarged nuclei in malignant tumors result in restriction of water
diffusion. The increase in cellularity, restriction of intracellular dis-
tance, and water diffusion result in low ADC values [13].
In our study, DW-MRI was performed on all subjects at b
values of 0, 500 and 1000 mm2/s. The mean ADC values of
solitary thyroid nodules were measured for b values of 500 and
1000 s/mm2. The mean ADC value of benign solitary thyroid nod-
ules ranged from 1.56 to 2.28  103 mm2/s (b = 1000 s/mm2)
and from 1.64 to 2.70  103 mm2/s (b = 500 s/mm2). The mean
ADC value of malignant solitary thyroid nodules ranged from
0.54 to 1.47  103 mm2/s (b = 1000 s/mm2) and from 0.61 to
1.56  103 mm2/s (b = 500 s/mm2). There is significant difference
between benign and malignant solitary thyroid nodules (p = 0.001)
and the mean ADC values of benign and malignant tumors done
by b-1000 are statistically significantly higher than those done
by b-500.
In our study, when ADC value of 1.5  103 mm2/s was used as
a cutoff value for the differentiation of benign from malignant thy-
roid nodules, the sensitivity, Specificity, PPV, NPV and p value were
83.3%, 96.0%, 83.3%, 96.0%, and <0.001, respectively for b valueMean ADC value  103 mm2/s (b = 1000 s/mm2) t-test P-value
1.87 8.9 0.000⁄⁄⁄
(1.56–2.28)
0.97 5.7 0.002⁄⁄
(0.54–1.47)
Table 4
Cutoff value, sensitivity, specificity, PPV and NPV between benign and malignant solitary thyroid nodules by b values 500 and 1000 s/mm2.
Cutoff value Sensitivity Specificity P value PPV NPP
b = 500 b = 1000 b = 500 b = 1000 b = 500 b = 1000 b = 500 b = 1000 b = 500 b = 1000 b = 500 b = 1000
Malignant vs Benign 61.5 61.5 83.3 100.0 96.0 100.0 0.001⁄⁄⁄ 0.001⁄⁄⁄ 83.3 100.0 96.0 100.0
*** Highly significant.
Fig. 3. (a) Axial T1WI shows a well defined hypointense lesion in the right lobe of thyroid gland. (b) Axial T2 WI shows well defined hyperintense lesion. (c and d) Axial DW
image and ADC map image with b-value of 1000 s/mm2 show low and high signal intensity respectively of the lesion denoting free diffusion. ADC value (b = 500) is
2.49  103 mm2/s. ADC value (b = 1000) is 2.28  103 mm2/s. The lesion has DWI readings suggestive of benign lesion.
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as a cutoff value for the differentiation of benign from malignant
thyroid nodules the sensitivity, Specificity, PPV, NPV and p value
were 100%, 100%, 100%, 100%, and <0.001, respectively for b value
1000 s/mm2.
Previous studies were near to our results; El-Hariri et al. [14], in
their study found that when ADC value of 1.5  103 mm2/s was
used as a cutoff value for the differentiation of benign from malig-
nant thyroid nodules the sensitivity, Specificity, PPV, NPV and p
value were 94%, 95%, 94%, 95%, 0.84 and <0.0001, respectively for
b value 500 s/mm2. Also Nakahira et al. [15] found that a cutoff
value for malignant nodules of 1.60  103 mm2/s yielded sensitiv-
ity, specificity, and accuracy of 94.73%, 82.60%, and 88.09%, respec-
tively for b value 1000 s/mm2.
Our results were not in the same line with Mutlu et al. [16]
who found in their study that the sensitivity, specificity, PPV, neg-
ative predictive value (NPV) and accuracy rates for ADC values in
distinguishing between benign and malignant thyroid nodules
were calculated as 80%, 97%, 80%, 97% and 96%, respectively for b
values 50, 400 and 1000 s/mm2 when using the cutoff value of
1.0  103 mm2/s.The reported ADC values done by Abdelrazek et al. [17] were
not matched with our results, as they used 0.98  103 mm2/s as
an indicator of malignancy, with a sensitivity of 97.5%, a specificity
of 91.7%, and an accuracy of 98.9% for b values 250 and 500 s/mm2.
Schueller-Weidekamm et al. [18] determined cutoff value of
2.25  103 mm2/s or higher for differentiation of benign from
malignant cold thyroid nodules, with an accuracy of 88%, a sensi-
tivity of 85%, and a specificity of 100%.
Different studies showed variation in the cutoff values for pre-
dicting thyroid carcinoma, so, each MRI unit should determine the
exact threshold value for predicting malignancy in thyroid nodules
as there are variations in MRI systems, coils and pulse sequences
[19].
Zhu and his colleagues [20] mentioned that at low b-values,
there is risk of perfusion contamination, so ADC measurement will
be not reliable to assess diffusion of tissues by mixed effects of per-
fusion and diffusion that could not be separated at these levels
while at high b-values, there is risk of noise contamination and
bad images resolution with subsequent non-reliable ADC measure-
ment. They added that at least two b-values should be used to
obtain an accurate quantitative analysis of diffusion-weighted
Fig. 4. (a) Axial T1WI reveals a well defined hypointense lesion in the left lobe of thyroid gland. (b) Coronal T2 WI reveals well defined isointense lesion. (c and d) Axial DW
and ADC map image with b-value of 500 s/mm2 show high and low signal intensity respectively of the lesion denoting restricted diffusion. ADC value (b = 500) is
1.3  103 mm2/s. ADC value (b = 1000) is 0.98  103 mm2/s. The lesion has DWI readings suggestive of malignant lesion.
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measurement.
4.1.Conclusion
We used a b value of 500 and 1000 s/mm2 and produced good
quality images with an exclusion rate of 0% of patients. We found
that the mean ADC values of benign and malignant nodules done
by b-1000 are statistically significantly higher than those done
by b-500, so we recommend the use of b 1000 in evaluation of soli-
tary thyroid nodule to establish a high diagnostic tool in differen-
tiating benign from malignant ones.
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